Essential hypertension is one of the most common, complex diseases, of which considerable efforts have been made to unravel the pathophysiological mechanisms. Over the last decade, multiple genome-wide linkage analyses have been conducted using 300 -900 microsatellite markers but no single study has yielded definitive evidence for 'principal' hypertension susceptibility gene(s). Here, we performed a three-tiered, high-density association study of hypertension, which has been recently made possible. For tier 1, we genotyped 80 795 SNPs distributed throughout the genome in 188 male hypertensive subjects and two general population control groups (752 subjects per group). For tier 2 (752 hypertensive and 752 normotensive subjects), we genotyped a panel of 2676 SNPs selected (odds ratio ! 1.4 and P 0.015 in tier 1) and identified 75 SNPs that showed similar tendency of association in tier 1 and tier 2 samples (P 0.05 for allele frequency and P 0.01 for genotype distribution tests). For tier 3 (619 hypertensive and 1406 normotensive subjects), we genotyped the 75 SNPs and found nine SNPs from seven genomic loci to be associated with hypertension (P 0.05). In three of these loci, the lowest P-values were observed for rs3755351 (P 5 1.7 3 10 25 ) in ADD2, rs3794260 (P 5 0.0001) in KIAA0789 and rs1805762 (P 5 0.0003) in M6PR when case-control comparison was made in the combined data. An SNP (rs3755351) within ADD2 had the lowest P-value and its experiment-wide significance level is 0.13. Thus, these results have nominated several susceptibility genes for hypertension, and independent replication will clarify their etiological relevance.
INTRODUCTION
Essential hypertension (MIM 145500) is a multifactorial trait, in which interactions among genetic, environmental and demographic factors are involved. Substantial contribution of genetic factors to the overall disease etiology has been documented by a number of epidemiological studies. For example, family studies controlling for a common environment indicate that blood pressure heritability is in the range of 15 -35% (1 -3). Accordingly, considerable efforts have been made in the study of molecular genetics of hypertension, but the inherently complex nature has hampered progress in the elucidation of the genes involved (4) . Over the last decade, multiple genome-wide linkage analyses have been conducted by using microsatellite markers to localize genes influencing hypertension status and/or blood pressure levels in a number of populations derived from various ethnic groups. Although no single study has so far yielded definitive evidence for 'principal' hypertension susceptibility gene(s), some of these studies provide consistency of linkage results in a few chromosomal regions (5 -7) . It is therefore assumed that multiple genes contribute to the etiology of hypertension independently or synergistically, with each gene exerting small effects under a certain environmental condition.
In parallel with family-based linkage analyses across the entire genome, population-based association studies have been performed, particularly focusing on individual candidate genes to search for genetic influences on hypertension. Association studies for mapping disease-related genes have recently gained popularity over traditional family-based linkage analyses mainly because of their far greater statistical power to detect the presence of genes with relatively 'minor' effects (8, 9) . Some researchers criticize the liability to false-positive or non-replicable claims. Nevertheless, population-based association studies have become an alternative and complementary approach to family-based linkage analyses in practice.
Given the limitation of statistical power that can be achieved by family-based linkage analyses with sample size practically collectable, population-based association studies are now underway in a genome-wide scale for a number of multifactorial diseases (10) . Here, we performed a highdensity association study of hypertension with a three-tiered genotyping approach in the Japanese population (Fig. 1) .
RESULTS

Multi-tiered case -control study
We performed a large-scale case-control association study of hypertension using SNP markers selected from the Japanese SNP (JSNP) database (11, 12) . These SNP markers were distributed throughout the genome (Table 1) . Only male hypertensive individuals were tested in tier 1, and a total of 80 795 SNPs distributed on 22 autosomes were used for the association study. Details of the high-throughput genotyping were same as previously described (13, 14) , and technical evaluation of our genotyping assay (e.g. overall success rate and accuracy of the genotyping assay) is shown in the supplementary material (Supplementary Explanation). JSNP had been developed as a database for the SNP discovery project with particular focus on common gene variations in the Japanese population. Although SNP marker resources used in the current study showed a certain degree of diversity in terms of the number of typed SNPs per gene locus, this partially reflected the variable size of re-sequenced fragments depending on the individual gene structure (12) .
The gene-centered genome-wide exploratory test in tier 1 identified 2676 SNPs with odds ratio (OR) ! 1.4 and P 0.015 in at least one test comparing allele frequency and/or genotype distribution (dominant or recessive models) between 188 hypertensive patients and 752 population control subjects in either of two panels (see Materials and Methods). In this exploratory test, the SNPs showing inverted tendency of OR between two pairs of case-control comparisons and significant deviations from Hardy -Weinberg equilibrium (HWE) in any panel (P 0.01) were excluded. Subsequently, we performed a screening of these 2676 SNPs with 752 hypertensive patients and 752 normotensive controls in tier 2, which constituted the first 'case versus unaffected control' study panel, i.e. comparison between 940 cases and 752 controls, together with the 188 cases in tier 1. On the basis of relatively stringent criteria, we identified 75 SNPs that showed P-values of 0.01 for genotype distribution and P-values of 0.05 for allele frequency in the x 2 -test statistic. To further examine the association signals, we performed a replication study of these 75 SNPs with another panel of 619 hypertensive subjects and 1406 normotensive controls in tier 3. Cases and unaffected controls collected in tiers 2 and 3 were enrolled according to the identical criteria and their baseline characteristics are shown in Table 2 . There were some trait differences in cases between tiers 2 and 3, such as blood pressure measurements and percentages of the subjects taking anti-hypertensive medication. This could be largely attributed to differences in sample enrollment settings between tiers 2 and 3; that is, cases in tier 3 were enrolled from either the annual medical checkup of a medical institution or the clinic practices of general practitioners, whereas a major part of cases in tier 2 were from the clinic practices of university hospitals. Among the 75 SNPs showing P-values between 0.05 and 4.4 Â 10 25 in the first 'case versus unaffected control' study, only nine SNPs showed borderline association (at the level of P 0.05) in
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Human Molecular Genetics, 2008, Vol. 17, No. 4 the second 'case versus unaffected control' study ( Fig. 2 ). Of these, we found six SNPs that showed P-values of 0.05 for both genotype distribution and allele frequency in the x 2 -test statistic (Table 3 ). rs3755351 and rs3771426 were located within the assumed intron 1 of ADD2, rs3787240 and rs3787241 were located in the same intron of EYA2, and the remaining two SNPs-rs3794260 and rs1805762-each located in KIAA0789 and M6PR. To adjust for three covariates-age, gender and body mass index (BMI), we also performed logistic regression analysis for the significant SNPs (Supplementary Material, Table S1 ). With consideration of genetic model consistency, an SNP (rs3755351) showed the strongest association in the identical model (an additive model by logistic regression analysis) among three tiers. Further details of the association results are described in the Discussion.
SNP discovery and further test of association in three selected genes
Because a group of SNPs from three genes, ADD2, KIAA0789 and M6PR, were particularly noted for their significant association with hypertension (Table 3) , we searched for potentially functional SNPs by re-sequencing the 5 0 -and 3 0 -untranslated regions, all exons and exon -intron borders of the individual loci, on the basis of the gene structure deposited in the human genome database (http://www.ncbi.nlm.nih.gov/). We detected a total of 74 SNPs-25 SNPs in ADD2, 40 SNPs in KIAA0789 and 9 SNPs in M6PR-and thereby selected 25 tag SNPs for genotyping 2025 subjects in tier 3 (see Supplementary Material, Table S2A , B and C). Apart from four SNPs which had been already included in the JSNP screening marker set, we found four additional SNPs, two in ADD2 (rs2024453 and rs10084293) and one each in KIAA0789 (rs9739493) and M6PR (rs1805725), to be significantly associated with hypertension (Table 3) . Thus, in each gene, we identified at least two SNPs showing modest evidence of association with hypertension (P 0.05 level in tier 3) but these SNPs did not necessarily belong to the same linkage disequilibrium (LD) block ( Fig. 3 and LD group in Supplementary Material, Table S2A , B and C). The analysis of haplotypes inferable from tag SNPs did not show more significant disease association than the analysis of individual SNPs in any of three genes tested (data not shown).
Consideration of study power and multiple testing
We first estimated a type I error probability for the three-tiered screening to be 6.8 Â 10
25
: 0.036 for tier 1, 0.0009 for tiers 1 Figure 1 . Schematic presentation of a three-tiered screening strategy in the present study. Gene-centered genome-wide exploratory test was performed in tier 1, followed by case -control study of disease-associated SNPs in tier 2 and tier 3 samples. A panel of 188 male hypertensive patients were compared with each of two population control panels in tier 1. Subsequently, 'case versus unaffected control' study was repeated twice to identify the best candidate SNPs. In transitions from tier 1 to tier 2, and from tier 2 to tier 3, the number of SNPs was reduced according to the selection criteria that we arbitrarily defined. See details in the Materials and Methods section. and 2 combined and 0.076 for tier 3 screening. Then, we estimated overall sensitivities (which could represent the statistical power) to be 0.10 -0.45, 0.04 -0.23 and 0.01 -0.08 for a disease-associated SNP of OR ¼ 1.4, 1.3 and 1.2, respectively, assuming the disease allele frequency within 0.1-0.9, the disease prevalence of 0.25 and the multiplicative genotype model. Since we had adopted relatively generous criteria for screening association signals, we evaluated the false discovery rate (FDR) to account for multiple testing (15) . FDR for the nine SNPs found as significant was 0.69. A multi-staged screening in the current study could be largely categorized into two steps: tiers 1 and 2 (which constitute the first 'case versus unaffected control' study) and tier 3 (which constitutes the second 'case versus unaffected control' study). We therefore assessed experiment-wise type I errors with particular focus on the last-stage screening in tier 3. By permutation, the chance of observing a P-value of 0.0019 (for allele frequency test at rs3755351 in ADD2) in tier 3 was estimated to be 0.13.
DISCUSSION
With the recent advent of high-throughput genotyping technologies and high-resolution maps of SNP markers, it is expected that genome-wide association studies allow us to identify systematically the contributions of common genetic variations to human multifactorial diseases (16 -18) . In this line, our study has attempted to discover common hypertension susceptibility gene variants via a gene-centered genome-wide association design for the first time. Despite the modest genetic impacts assumed for hypertension, e.g. the l-values (the relative risk for siblings of the affected probands) have been reported to be approximately 4 (19), we have nominated several susceptibility genes for hypertension (Table 3) . Among these genes, findings for ADD2 and KIAA0789 are particularly noteworthy, because the former has been known to be a physiological candidate gene for hypertension and the latter is a novel gene with as-yet unknown physiological function.
Through a multi-tiered screening, nine SNPs derived from seven distinct gene loci have remained to show some evidence of association out of the 80 795 SNPs initially screened. Although the selection criteria were arbitrarily defined in the present study, a small percentage of the SNPs have passed the criteria in transitions from tier 1 to tier 2 (3.3%) and from tier 2 to tier 3 (2.8%). In the ADD2 gene, for example, the minor allele frequency (MAF) of rs3755351 is lower in case groups (0.14 -0.19) than that in control groups (0.21 -0.22) throughout three tiers. A P-value of 1.7 Â 10 25 and an OR of 1.30 (95% CI 1.15 -1.46) are attained for allele frequency comparison of rs3755351 when the subjects studied in different tiers are combined and finally categorized into The numbers of SNPs genotyped in tier-1 screening are demonstrated for each chromosome. Genome coverage was assessed with the HapMap data from JPT (n ¼ 45); that is, the proportion of HapMap SNPs showing high r 2 (!0.8) to one of the SNPs genotyped in this study (which are all derived from JSNP) is calculated. Because substantial part of the SNPs have turned out to be unique to JSNP, those overlapping with the HapMap SNPs, in the 'overlap' column, are used to estimate genome coverage. Here, NA represents a category of SNPs which have been mapped to the genome (NCBI B35) but do not have LD information against the HapMap SNPs. In this context, it is appropriate to reduce this NA SNPs from total SNPs deposited in the HapMap data when estimating genome coverage and we therefore use the number of SNPs (HapMap total -NA) as a denominator.
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the case (tiers 1 -3) and unaffected control (tiers 2 and 3) groups. None of our results appears to be significant with the use of a strict Bonferroni correction, a very conservative evaluation of significance, and further replication in an independent population is indispensable. The candidacy of ADD2 as a hypertension susceptibility gene has been supported by several physiological and biochemical findings (20 -22) , together with some evidence from the studies of molecular genetics (23 -27) . Adducin is a ubiquitously expressed membrane-skeleton heteromeric protein composed of different subunits, a-, b-and g-subunits.
It is known to play a substantial role in the regulation of membrane ion transport. Point mutations of the a-and b-adducins account for up to 50% of the blood pressure difference between Milan hypertensive and normotensive rat strains, probably via the modulation of the Na þ -K þ ATPase activity (one of major Na þ -channels) in the kidney (23, 24) . In this line, of note is the fact that b-adducin-deficient mice show significant increases in systolic and diastolic blood pressures and pulse pressure (21) . The human homolog of b-adducin spans over 100 kb on chromosome 2p13 and comprises 17 exons. It has been reported that a common SNP (rs4984) identified at position 1797 in exon15 is associated with an increased risk of hypertension under certain pathological conditions in European populations (25 -27) , whereas this SNP itself is not polymorphic in Asian populations (http://www.ncbi.nlm. nih.gov/SNP/). Also, it has to be noted that one previous study (28) showed significant evidence for hypertension linkage in the 2p13 region (a peak of 2.84 LOD at 93 cM), where the ADD2 locus is exactly located among several positional candidate genes. Despite our investigation in the ADD2 locus, we could not find either a clear LD block-like structure or potentially functional SNPs in the vicinity of three disease-associated SNPs (rs2024453, rs3755351 and rs3771426), which are located in the putative promoter region and intron 1, apart from rs10084293 located within an LD block of ADD2 (Fig. 3) . We have assessed the independence of multiple associated SNPs in ADD2 by logistic regression analysis and have found that the observed association in this gene could be explained principally by the most significant SNP (rs3755351) (see Supplementary Explanation). Once these associations are validated in an independent study panel, further extensive searches of functional SNPs in the ADD2 locus are warranted.
Our high-density association study has also highlighted the KIAA0789 gene located on chromosome 12q23.3. This gene encodes a hypothetical protein, LOC9671, which is expressed principally in the central nervous system and modestly in the pancreas (unpublished data). The predicted gene structure of KIAA0789 involves 9 exons, spanning 120 kb. There is a clear LD block in the 5 0 region of the putative exon 1 (3.8 kb in size), whereas we have found two other LD block-like structures within the KIAA0789 gene (Fig. 3) . Two disease-associated SNPs (rs3794260 and rs9739493) have turned out to reside in different LD blocks, and the construction of their haplotypes does not seem to provide much additional information on disease association. Although the precise gene structure and gene function remain unknown, KIAA0789 appears to contain a carboxy-binding WSC domain, and its homologs are likely to exist in mice and rats according to the database information (http://www.ncbi.nlm. nih.gov/). Again, detailed investigation including independent replication of disease association will lead us to clarify the etiological relevance of KIAA0789 to hypertension. Another, potential disease association, though modest statistical significance, has been found for M6PR. The M6PR gene encodes a cation-dependent receptor for mannose-6-phosphate groups on lysosomal enzymes and plays a critical role in the segregation and targeting of lysosomal enzymes to lysosomes. Thus far, no functional relation between M6PR and hypertension has been reported. Similar to KIAA0789, this gene could also allow us to identify a novel, as-yet unnoticed blood pressure regulatory mechanism.
We should bear in mind several limitations inherent in the present study. First, the level of genome coverage is an issue of heated debate (10, 18) . Some people may argue that our a priori marker selection strategy is gene-centric without utilizing LD information and hence it is not sufficient to pick up as many modest associations as possible in genome-wide searches of hypertension susceptibility genes. A comprehensive framework of common variations throughout the human genome has been made available by the recent completion of the International HapMap Project (29) . On the basis of our assessment, the JSNP screening markers in this study cover 20.6% of the HapMap SNPs, whereas a substantial proportion (30%) of SNPs appear to be unique to JSNP (Table 1 and Supplementary Material, Fig. S1 ). Under these circumstances, an ideal set of SNPs for our study would encompass deliberately selected tag SNPs (principally common genetic variants) and additional 'singleton' SNPs (sometimes rare genetic variants). Besides this argument of tag SNPs, there are two points of weakness regarding genome coverage as follows: (i) sex chromosome markers have been excluded from the analysis because of the pre-determined policy of multi-disease collaborative study in the Japanese Millennium Genome Project, and (ii) a substantial part of the expressed human genes is not covered by the JSNP database (11) , in which the fundamental SNP data were almost fixed in the middle of 2003. Second, the statistical power attainable by our study panel needs to be taken into consideration. For the last few years, genotype costs have fallen dramatically, yet present economic and experimental conditions make it necessary, in practice, to reduce the number of genotyped samples down to a moderately sized case group (188 subjects in our study) at the initial screening with approximately 80 000 SNPs. We arbitrarily set the selection criteria of OR ! 1.4 and P 0.015 in transition from tier 1 to tier 2, where the overall statistical power is estimated to be 10-45% for a disease-associated SNP of OR ¼ 1.4 and 1 -8% for that of OR ¼ 1.2, assuming the disease allele frequency within 0.1-0.9 and the disease prevalence of 0.25. Thus, it is likely that our study design allows for capturing less than half of the true disease associations particularly with regard to modest genetic susceptibility. Third, ethnic diversity has not been tested within the scope of the present study. Instead of using commercially available SNP sets aimed at full genomic coverage, we have attempted to focus on potentially functional variants and also relatively common SNPs (MAF ! 0.1) in the Japanese population. Accordingly, some of disease-associated SNPs listed in Table 3 may be rare or not polymorphic in the other ethnic groups. To clarify allele frequency representation of individual loci and etiological impacts attributable to them, further examination is required in the context of ethnic diversity.
During our preparation of this report, two genome-wide association studies for hypertension and/or blood pressure have been performed in Caucasians (30, 31) . When our results are compared with public data sets for these association statistics, a few SNPs in the regions of interest appear to show a tendency of association with hypertension or blood pressure; 
622
Human Molecular Genetics, 2008, Vol. 17, No. 4 for example, an SNP (rs17006246) in ADD2, which is in strong LD (r 2 ¼ 0.806 and D 0 ¼ 1 in the HapMap JPT population) with rs3755351, the most significant SNP in our study, is modestly associated with hypertension status (P ¼ 0.029) in the Diabetes Genetics Initiative (DGI) study but the direction of effect is opposite between rs3755351 typed in this study and rs17006246 typed in the DGI study. On the other hand, rs1805740, in strong LD with an SNP (rs1805762) in M6PR, is modestly associated with hypertension status (P ¼ 0.036) in the Wellcome Trust Case Control Consortium study with the same direction of effect as in this study (see Supplementary Material, Table S3 ).
In summary, our high-density association study provides a list of gene loci potentially predisposing people to hypertension, which awaits replication across populations. With the available samples, we have observed an association of SNPs including three SNPs clusters (or gene loci) in the Japanese populations. In face of the complex nature of disease etiology, it seems to be a formidable task but worth challenging that we eventually apply the SNPs information to improved prevention, diagnosis and treatment of hypertension.
MATERIALS AND METHODS
Study design
We performed a large-scale association study for genes susceptible to hypertension by using a three-tiered genotyping approach (tiers 1, 2 and 3) as depicted in Figure 1 . All methods of the study were approved by the review committees of the individual institutions involved in the present study. All subjects provided written informed consent for participation.
In the gene-centered genome-wide exploratory test in tier 1, we carried out genotyping of 83 802 SNPs (3007 of which were excluded from the analysis because they are on sex chromosomes or in the unknown locations) using genomic DNAs from 188 Japanese male hypertensive patients and 752 unrelated Japanese individuals (referred to as general population controls) and another panel of 752 Japanese subjects (referred to as arbitrarily defined controls) who were affected with any of the other four common diseases including gastric cancer, diabetes mellitus, bronchial asthma and Alzheimer's disease; each of these was investigated as the 'Japanese Millennium Genome Project' (Fig. 1) . The theoretical basis of adopting this exploratory test scheme was previously reported elsewhere (32) . Cases were enrolled from the clinical practice or the annual medical checkup of university hospitals and medical institutions according to the uniformly defined criteria. These included (i) systolic blood pressure !160 mmHg, diastolic blood pressure !95 mmHg, or both on two consecutive visits for untreated subjects; (ii) patients receiving longterm antihypertensive treatments; (iii) no secondary form of hypertension as evaluated by an extensive workup; (iv) family history of hypertension, i.e. at least one hypertensive subjects detectable among parents and siblings of the participants; (v) an age of onset known to be between 30 and 59 years. Moreover, only male subjects with BMI , 25 kg/m 2 were selected in tier 1. We compared allele frequencies and/ or genotype distributions in hypertensive patients and two population control panels and evaluated deviation from HWE at each of the genotyped loci. For the subsequent screening Figure 3 . LD relations between SNPs in the ADD2, KIAA0789 and M6PR genes (top) and disease association of markers from the corresponding genomic regions (bottom). In the top, the LD between a pair of markers is indicated by the color of the block above and to the left of the intersection of the markers. For the sake of readability, only the names of SNPs showing significant association are shown to the right of the vertical axis of the LD plot. The rest of the SNP information is described in Supplementary Material, Table S2A , B and C. In the upper bottom, the location of genetic markers studied in the corresponding genomic region is shown with relation to gene structure. Here, green and red circles indicate the SNPs with low (MAF , 0.05) and high (MAF ! 0.05) allele frequencies in the Japanese, respectively. In the lower bottom, -log 10 P-values of the differences in allele frequencies between case and control subjects in tier 3 (i.e. the second 'case versus unaffected control' study) were plotted against the location of individual genetic markers genotyped.
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in tier 2, we selected SNPs (i) with OR ! 1.4 and P 0.015 against either of two population control panels and with concordant OR tendency against two control panels; (ii) with MAF ! 0.1 and (iii) not showing significant deviations (P ¼ 0.01 level) from Hardy -Weinberg expectations in the patient or control panels. In tier 2 (which comprised 752 hypertensive patients and 752 normotensive controls), we further tested the SNPs thus screened in tier 1, which effectively constituted the first 'case (tiers 1 and 2) versus unaffected control (tier 2)' study. Here, cases in tier 2 were selected according to the criteria (i)-(v) mentioned earlier for tier 1. Normotensive controls, on the other hand, were defined as follows: (i) systolic blood pressure 130 mmHg and diastolic blood pressure 85 mmHg without receiving antihypertensive treatments; (ii) age !50 years and (iii) no family history of hypertension. Both males and females were included in tier 2 without reference to BMI. We selected SNPs (i) with P-value 0.05 when comparing allele frequency; and (ii) with P-value 0.01 when comparing genotype distribution between (tiers 1 and 2) cases and (tier 2) controls by x 2 test statistics. In tier 3 (which comprised 619 hypertensive patients and 1406 normotensive controls), we performed the second 'case versus unaffected control' study to examine significant associations observed in tiers 1 and 2. The diagnostic criteria in tier 3 were identical to those in tier 2. For the assessment of assumptions when using statistical models in the present study, quantile -quantile plots of P-values were depicted for each stage of association test described in Supplementary Explanation.
No significant population stratification was observed for samples in tier 1 when it was assessed with the methods reported by Patterson et al. (33) . However, the presence of population stratification was indicated for samples in the first stage 'case (tiers 1 and 2) versus unaffected control' study. We observed moderate bias in genotype frequency of some SNPs between the two tiers, which may have resulted from technical/experimental artifacts between genotyping of cases in tiers 1 and 2. Therefore, the trend test statistic at this analytical stage was corrected according to the significant eigenvector (see Supplementary Explanation). Stratification in tier 3 was not detected but could not be ruled out because of the relatively small number of SNPs (n ¼ 75) genotyped in tier 3. As for the nine SNPs that showed significant disease association after multi-stage screening, they were not correlated with the significant eigenvector detected in tiers 1 and 2 cases and tier 2 controls. The P-values for nine SNPs were similar between the nominal and the EIGENSTRATcorrected ones; for example, the nominal P-value was 0.0029 and the EIGENSTRAT-corrected P-value was 0.0069 at rs3755351 in ADD2.
SNP marker resource and genotyping
Most of the SNP markers used in the present study were same as the markers used in the previous reports (14) and derived from the JSNP database. The samples in tiers 1 and 2 were genotyped by PCR amplification of multiple genomic fragments with 20 ng of genomic DNA followed by characterization with the invader assay. Genotyping of the samples in tier 3 was undertaken using the TaqManw SNP Genotyping Assays (Applied Biosystems). To secure the accuracy and completeness of genotyping, which is critical for large-scale studies (34), we attached a set of 'flags' to individual SNP data mainly dependent on the data completeness, after two independent investigators had checked the raw data robustness by looking at the scatter plot of the assay.
SNP discovery in the selected genes
Approximately 38 kb of genomic sequence spanning the exons and the 5 0 -and 3 0 -untranslated regions of three genes, ADD2, KIAA0789 and M6PR, was re-sequenced in 48 Japanese control individuals to identify potentially functional SNPs. Since KIAA0789 had not been fully annotated, the arbitrary positions of translation initiation sites were estimated according to the human genome database. From the SNPs thus identified, tag SNPs were selected for the three genes with the algorithm that we previously reported (35). These tag SNPs were then used for the case-control analysis in tier 3 to further examine association signals seen throughout the multistaged screening. We deposited the identified SNP information in the NCBI's SNP database and also in our own database, JMDBase (Japan Metabolic Disease Database).
Statistical analysis
The SNPs were tested individually for the statistical significance of disease association with the x 2 -test statistic, which evaluated three inheritance models-[2 Â 3] contingency table, dominant and recessive models-for genotype distributions and independence on [2 Â 2] contingency table for allele frequencies. Here, the most significant P-values among three inheritance models were adopted for genotype distributions when we selected SNPs for screening in tier 3. The criteria for declaring suggestive evidence of disease association were arbitrarily set at each analytical stage as summarized in Figure 1 , and they are described in the Results section. SNPs' genotype departures from HWE were tested using the x 2 -test with 1 degree of freedom. In the three genes showing significant association signals, the extent of LD was measured in terms of an LD coefficient r 2 before the analysis of haplotype structure. Within each LD block, haplotypes were inferred from genotype data by the SNPHAP software for the case and control groups, respectively.
We randomly permutated the genotype of individuals across different panels, 100 times per SNP, and counted the ratio of permutations that fulfill the screening criteria. This ratio indicates the specificity of the study. According to the P-value distribution of the permutations, we evaluated the probability of observing an SNP with P-value no larger than the actual minimum. This probability indicates the experiment-wise P-value. For the specific prevalence and penetrance, we calculated genotype frequency and randomly generated genotypes according to their frequency. We generated genotypes for 1000 simulations of each panel and computed the ratio of simulations that could pass the screening. This ratio is considered the sensitivity of the study.
